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We describe a case of XY sex reversal, go-
nadal dysgenesis, and gonadoblastoma in a
patient with a deletion of 9p24 due to a fa-
milial translocation. The rearranged chro-
mosome 9 was inherited from the father; the
patient’s karyotype was 46,XY,der(9)t(8;9)
(p21;p24)pat. A review shows that 6 addi-
tional patients with 46,XY sex reversal asso-
ciated with monosomy of the distal short
arm of chromosome 9 have been observed.
The observation that all 7 patients with sex
reversal share a deletion of the distal short
arm of chromosme 9 is consistent with the
hypothesis that the region 9p24 contains a
gene or genes necessary for male sex deter-
mination. This present case narrows the
chromosome interval containing a critical
sex determination gene to the relatively
small region 9p24. A molecular analysis of
this region will provide a means to identify
a gene invoved in male sex determination.
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INTRODUCTION
The development of male or female gonads and ex-
ternal genitalia is the result of a complex cascade of
genetic, cellular, and hormonal interactions. The phe-
nomenon of XY sex reversal, the development of a fe-
male phenotype in the presence of a male chromosomal
constitution, provides an opportunity to study events in
the cascade and to further delineate the pathways of
mammalian sex determination. A review shows that
XY sex reversal is heterogeneous. Initially, attention
focused on the gene SRY, a Y chromosomal gene which
acts as a switch to direct development of a testis from
a bipotential gonad and thus sets in motion the devel-
opment of the male phenotype [Sinclair et al., 1990].
However, deletions or mutations in the SRY gene were
found to account for only an estimated 15% of females
with 46,XY sex reversal [Hawkins et al., 1992]. Further
studies uncovered other genes involved in sex determi-
nation including the Wilms tumor suppressor locus
(WT1) at 11p13 [Pelletier et al., 1991], the steroidogen-
ic factor (SF-1) gene (FTZ-F1) at 9q33 [Shen et al.,
1994], the campomelic dysplasia gene (SOX9) at
17q24.3-q25.1 [Wagner et al., 1994], and duplications
of sequences within the region Xp21.2-p22.2 (Dosage-
sensitive sex reversal (DSS)) [Bardoni et al., 1994].
There have also been reports of 46,XY gonadal dysgen-
esis in individuals with autosomal structural abnor-
malities including terminal deletions of 10q [Wilkie et
al., 1993] and a duplication of 1p [Wieacker et al.,
1996]. Familial forms of 46,XY gonadal dysgenesis with
X-linked or autosomal recessive modes of inheritance
have also been reported [Simpson et al., 1981; Naz-
areth et al., 1979]. However, these genes and reported
mutations do not account for all cases of 46,XY sex
reversal. This observation suggests that more genes, of
yet undetermined location and nature, are involved in
mammalian sex determination and testicular develop-
ment.
Here we report a case of 46,XY sex reversal, gonadal
dysgenesis, and gonadoblastoma in a child who inher-
ited an unbalanced translocation chromosome result-
ing in monosomy 9p24. There have been previous re-
ports of sex reversal in association with 9p monosomy
[Bennett et al., 1993], and a significantly unbalanced
sex ratio with an excess of females has been reported in
a published series of patients with deletion 9p [Huret
et al., 1988]. Sufficient evidence has thus accumulated
to point to the presence of a gene or genes involved in
mammalian sex determination on 9p. This case nar-
rows the chromosome interval containing the sex re-
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versal gene to 9p24, a relatively small region. A mo-
lecular analysis of this region should provide a means
of identifying the regional genes involved in male sex
determination.
CLINICAL REPORT
The proposita, a 10-month-old girl (BB), was referred
for evaluation because of a familial chromosome trans-
location. There was a family history of recurrent mis-
carriages and karyotype analysis showed a balanced
translocation in her father and his twin brother. BB
was the first child of healthy parents. Delivery was by
Caesarean section at 42 weeks of gestation following a
failed induction for postterm pregnancy (Apgar scores
9 at 1 and 5 min, birth weight 4,479 g).
Early motor development was normal. However, on
reevaluation at age 3 years, developmental delay was
apparent. Testing showed expressive language devel-
opment at approximately the 18-month level; receptive
language development was appropriate for chronologi-
cal age as were gross and fine motor skills.
On physical examination at 34⁄12 years, height was
96.5 cm (50–75th centile), weight 15.4 kg (50–75th cen-
tile), and occipitofrontal circumference (OFC) 52.5 cm
(>95th centile). There were no minor facial anomalies.
Cardiovascular and respiratory status was normal. Ex-
amination of the abdomen revealed no herniae and no
testes were palpable in the inguinal canal. The exter-
nal genitalia were normal female. The musculoskeletal
system was normal apart from mild metarsus varus
and bilateral 5th finger clinodactyly. She had a single
right palmar crease. There were no focal neurological
abnormalities.
An ECG demonstrated a complete right bundle
branch block and an echocardiogram demonstrated a
bicuspid aortic valve. Renal ultrasound findings were
normal. A pelvic ultrasound study showed the presence
of a uterus and vagina; no gonads were identified. FSH
and LH levels were elevated. Because of the risk of
gonadal malignancy in dysgenetic intraabdominal go-
nads [Scully, 1970], bilateral gonadectomy was per-
formed. The presence of a uterus and fallopian tubes
was confirmed at laparotomy.
Cytogenetic and Molecular Analyses
Chromosome analysis showed that the proposita had
a Y chromosome and an abnormal unbalanced chromo-
some constitution with monosomy 9p24 and trisomy
8p21. Her karyotype was 46,XY,der(9)t(8;9)(p21;p24)
pat (Fig. 1). A balanced translocation was detected in
the paternal uncle when a karyotype was performed as
part of the investigation of recurrent miscarriages. The
Fig. 1. Partial Giemsa-banded karyotype of normal and rearranged chromosomes 8 and 9 from the proposita and her father. A: Shown from left to
right are the patient’s normal pair of chromosomes 8, the der(9), and normal 9 chromosomes. B: From left to right, the father’s der(8), normal 8, der(9),
and normal 9 chromosomes. C: A schematic diagram of chromosomes 8 and 9 with arows showing the breakpoints involved in the translocation. The
proposita’s karyotype is 46,XY,der(9)t(8;9)(p21;p24) and the father’s karyotype is 46,XY,t(8;9)(p21;p24).
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patient’s father had the same balanced translocation;
his karyotype was 46,XY,t(8;9)(p21;p24) (Fig. 1). Both
paternal grandparents had normal karyotypes. Q-
banding confirmed that the patient had a Y chromo-
some with a fluorescence pattern identical to that of
her father (data not shown). FISH analysis of meta-
phase spreads derived from the patient’s father with a
whole chromosome 9 paint probe (Oncor, MD) showed
uniform hybridization along the length of the deriva-
tive 9 chromosome except at the tip, and a very small
signal on the distal short arm of chromosome 8 (Fig. 2).
A similar analysis in the patient showed the presence
of the identical rearranged derivative 9 chromosome
with deletion of 9p24. However no signal was observed
on either chromosome 8 homologs. The identity of the
additional material on 9p in the patient and her father
was confirmed by fluorescence in situ hybridization
(FISH) with a painting probe for chromosome 8 (data
not shown). These analyses were consistent with the
karyotype analysis and confirmed that the patient was
trisomic for 8p21-pter and monosomic for 9p24-pter.
PCR amplification and DNA sequence analysis of
SRY revealed no mutations in the highly conserved
HMG box binding domain (W. Flejter, in preparation).
Pathology
Each gonad was ovoid, white, and firm and was ap-
promixately 2.5 × 0.6 × 0.8 cm. The outer surfaces were
bosselated; the cut surfaces exhibited numerous, ag-
gregated round nodules, 0.1 to 0.2 cm in diameter,
against a background of white, fibrous stroma. No cal-
cifications were grossly visible. The patient’s 2 gonads
exhibited nearly identical histology (Fig. 3). Micro-
scopically the gonads were dysgenetic; no definite ovar-
ian follicles or seminiferous tubules were identified.
Each gonad was composed of cellular nests surrounded
by a cellular connnective tissue stroma. The nests were
generally round and well circumscribed and com-
pressed into thin cords in some areas. Two cell types
were discernible within the nests: The first was large
and round with clear cytoplasm and a large round
nucleus; the second cell type was smaller and variably
ovoid or comma-shaped. The cells of this population
encircled the larger cells. No mitotic figures were seen
in either population. A few scattered, often laminated,
microcalcifications were seen within the cell nests
throughout the gonads. Although compressed cords
were numerous, particularly at the periphery of the
gonads, no seminoma was identified. The histologic di-
agnosis was gonadoblastoma.
DISCUSSION
We report on a case of 46,XY gonadal dysgenesis and
sex reversal associated with an unbalanced chromo-
some constitution with monosomy 9p24-pter and tri-
somy 8p21-pter. The presence of normal female exter-
nal genitalia and Müllerian duct derivatives indicates
failure of testicular development with a subsequent
lack of production of testosterone and Müllerian inhibi-
tory factor (MIF), the two testicular signals required
Fig. 2. FISH analysis of the translocated chromosome 9 observed in the proposita’s father using a chromosome 9-specific whole chromosome paint
probe (Oncor, MD). Hybridization of the chromosome 9 paint probe to metaphase cells from the father showed uniform fluorescent signal along the length
of one chromosome 9, except at the tip of the distal short arm (open arrow), plus a very small signal on the distal short arm of chromosome 8 (solid white
arrow). FISH analysis of metaphase spreads from the daughter with the same probe showed that she had inherited this rearranged chromosome 9. The
lack of signal at the centromeres of each chromosome 9 is due to the absence of alpha satellite sequences in the probe.
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for all subsequent steps in male sex differentiation.
Presumably, the ovarian default pathway was fol-
lowed, but the presence of only one X chromosome in
the patient resulted in dysgenetic gonads, devoid of
follicles and normal germ cells. Subsequent neoplastic
transformation resulted in gonadoblastoma. In addi-
tion to providing important insights into the pathway
of male sex determination, this case also emphasizes
the importance of karyotype analysis in all cases of
unexplained developmental delay, as the patient’s phe-
notype, apart from the sex reversal and gonadal dys-
genesis with neoplastic transformation, was relatively
mild.
There have been 6 previous reports describing 46,XY
sex reversal associated with deletions involving 9p
(Table I). In 5 cases the deletion of 9p was due to an
unbalanced translocation, familial in 4 cases (maternal
in 2, paternal in 2). The 6th case was the result of a de
novo deletion. The importance of 9p24 in male sexual
development is further supported by a review of 80
Fig. 3. Histological appearance of the gonads displaying the gonadoblastoma. A: Cellular nests surrounded by a cellular connective tissue stroma. Two
cell types are present within the nests: a large, round cell with clear cytoplasm and a smaller variably ovoid or comma-shaped cell. A few microcalcifi-
cations are present within the cell nests. B: Some of the cell nests are compressed into cords but no seminoma was observed.
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published cases of deletions of the short arm of chro-
mosome 9; among these cases there was a significantly
unbalanced sex ratio with an excess of females [Huret
et al., 1988]. In addition, 25 of 60 informative cases had
abnormalities of the external genitalia [Huret et al.,
1988]. The case described here confirms the presence of
a gene or genes in the region 9p24 which is necessary
for male sex determination. Region 9p24-pter defines
the minimum deleted segment common to all 6 previ-
ous cases; this observation defines a critical region on
distal 9p that contains a gene responsible for sex re-
versal.
Therefore, monosomy of distal 9p material is the
most likely cause of the sex reversal in this and the
other 9p deletion sex reversal cases. Other explana-
tions are less tenable. It is unlikely that the chromo-
some translocation breakpoints in this case disrupted a
gene important in sex determination as the father was
a balanced translocation carrier and a normal fertile
male. The cytogenetically observed distances between
the breakpoints on 9p in these 7 cases also makes it
less likely that these chromosome 9 breakpoints dis-
rupt a single genetic locus. It is also unlikely that the
trisomy 8p21 plays a role in the sex reversal. Abnormal
sex determination has not been a consistent finding in
other trisomy 8p cases [Memo et al., 1988]. In addition,
the trisomic segment is different in each of the other 5
46,XY sex reversal cases associated with an unbal-
anced translocation involving 9p and in the sixth case
of 46,XY sex reversal the monosomy 9p was the result
of a de novo deletion. The observation that the deleted
chromosome 9 was inherited from the mother in 2 cases
and the father in 3 cases makes an imprinting effect
unlikely.
The mechanism whereby monosomy 9p24 causes
failure of normal testicular development and subse-
quent sex reversal remains to be determined. One pos-
sible explanation is that deletion of 9p24 uncovers a
heterozygous mutation. A mutation may be present in
an autosomal recessive gene on the nonrearranged
chromosome 9 and loss of the normal allele on the de-
leted chromosome 9 might result in expression of the
mutant sex reversal phenotype. At least 3 autosomal
recessive sex reversal loci in mouse have been identi-
fied to date [Eicher et al., 1996]; however the homolo-
gous human chromosomal regions do not appear to in-
clude band 9p24.
A more likely explanation is that haploinsufficiency
of a gene on 9p24 may interrupt normal testis devel-
opment. Such a mechanism has been suggested for
SOX9 in campomelic dysplasia, a dominant, haploin-
sufficiency disorder in which dosage of SOX9 is of criti-
cal importance. Reduced dosage of the SOX9 protein
results in gonadal dysgenesis and sex reversal [Wagner
et al., 1994]. T-associated sex reversal (Tas), a locus on
chromosome 17 of the mouse, is an autosomal gene
necessary for normal testis development. When pre-
sent in the hemizygous condition with a Y chromosome
of AKR/J origin, there is failure of testis development
and XY mice develop as females or hermaphrodites
[Washburn and Eicher, 1989]. This may indicate that
the hemizygous condition is inadequate to support nor-
mal testis development. Thus, this may be another ex-
ample of the importance of gene dosage in sex deter-
mination [Washburn and Eicher, 1989]. DSS [Bardoni
et al., 1994] also appears to exert its effect on mamma-
lian sex determination through altered dosage. When
duplicated, this locus causes male sex reversal. This
phenomenon may reflect past function of these genes in
an ancestral dose-dependent sex-determination
mechanism.
At the molecular level the process that determines
the fate of the bipotential gonad is largely unexplored
both upstream and downstream of SRY. Analysis of
these cases of sex reversal in association with chromo-
some 9p24 abnormalities may provide a means to iden-
tify and study other genes involved in the process.
Identification of the gene or genes involved on 9p24
may provide insight into the mechanisms whereby de-
letion of distal 9p causes sex reversal, and may provide
further insight into the pathway of sex determination.
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TABLE I. Details of Cases With Depletion 9p and Sex Reversal
Karyotype
Deleted
segment Genital phenotype Reference
46,XY,der(9),t(9;13)(9p21;q21)mat 9p21-pter Ambiguous external genitalia: clitoromegaly,




46,XY,der(9),t(3;9)(p21.33;p22.1)mat 9p22.1-pter Hypoplastic labia minora and clitoris, normal
vagina, primary amenorrhea
Fryns et al. [1986]
46,XY,der(9),t(7;9)(q31.1;p23)pat 9p23-pter Female external genitalia, vestigial uterus and
oviducts, small testes with no germ cells,
wolffian duct remnants
Crocker et al. [1988]
46,XY,der(9),t(2;9)(p21;p24) 9p24-pter Female external genitalia, uterus present Hoo et al. [1989]
46,XY,der(9),t(4;9)(?;p24)pat 9p24-pter Female external genitalia Magenis et al. [1990]
46,XY,del(9)(p23) 9p23-pter Female external genitalia, normal vagina,
uterus, fallopian tubes, streak gonads
Bennett et al. [1993]
46,XY,der(9)t(8;9)(p21;p24)pat 9p24-pter Female external genitalia, normal vagina and
uterus, streak gonads, bilateral
gonadoblastoma
Present case
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